Objective: To evaluate longitudinal patient-oriented outcomes in peripheral neuropathy over a 14-year time period including time before and after diagnosis.
Peripheral neuropathy is a highly prevalent disease, particularly in older persons, with more than 15% of those over age 40 years affected. 1 While improved glucose control decreases the incidence of neuropathy in type 1 diabetes, the effect is much smaller in type 2 diabetes. 2 Similarly, no effective treatments exist for idiopathic peripheral neuropathy (20%-30% of cases). [3] [4] [5] As new disease-modifying therapeutics are developed for the treatment and prevention of neuropathy, there is a need to better understand the natural history of how peripheral neuropathy affects patient-oriented outcomes over time.
Previous cross-sectional studies have shown that neuropathy is associated with worse quality of life, more pain, and increased number of falls. [6] [7] [8] [9] [10] [11] However, limited longitudinal data are available to provide stronger epidemiologic support for neuropathy as the prime mediator of these outcomes. Of the longitudinal studies that have been performed, Ahroni and Boyko 12 demonstrated that veterans with diabetes who develop neuropathy have a greater decline in quality of life than those who do not develop neuropathy over a 3-year time period. Similarly, DiBonaventura et al. 13 reported that a physical quality of life measure in patients with painful diabetic neuropathy worsened at a faster rate than in patients with diabetes without neuropathy over 2 years of follow-up. Together, these studies suggest that diabetic neuropathy accelerates decline in quality of life over time, but neither study evaluated the effects of neuropathy on falls or pain. These studies also did not evaluate patient-oriented outcomes prior to a neuropathy diagnosis. METHODS Population. Data for our analysis came from respondents to the Health and Retirement Study (HRS) biennial interview between 1998 and 2010, with linked claims data from Medicare Standard Analytic Files. We defined incident peripheral neuropathy as any ICD-9 diagnosis (354. 5, 356 .0, and 357.0-9; inpatient, outpatient, and carrier claims; 1998-2007) of peripheral neuropathy and no previous diagnosis during the preceding 30 months (to exclude prevalent cases). Individuals were included if they were at least 65 years of age 30 months prior to the incident peripheral neuropathy diagnosis, were continuously enrolled in Medicare parts A and B fee for service from 30 months preceding the index diagnosis through 6 months following the index diagnosis, completed an HRS interview within 3 years prior to the diagnosis date, and completed at least 1 of the first 3 HRS interviews after diagnosis date.
Demographics. Key demographic information identified from the HRS survey included age, sex, race/ethnicity, education, body mass index, alcohol intake, diabetes status, wealth, and other insurance status. A patient was considered to have diabetes if he or she reported a diagnosis by a physician in the HRS interview or met the Chronic Condition Warehouse definition of diabetes (at least 1 inpatient, skilled nursing, or home health claim, or 2 outpatient or carrier claims with diagnostic codes 249.x, 250.x, 357.2, 362.01, 362.02, or 366.31 during a 2-year time period beginning 30 months before peripheral neuropathy diagnosis). 14, 15 ICD-9 diagnosis codes identified patients with diabetic complications other than neuropathy (ICD-9 codes 249. 4, 249.5, 249.7, 250.4, 250.5, 250.7, 362 .01, or 362.02). Medicare claims also provided information on chronic kidney disease, rheumatoid arthritis/osteoarthritis, and cancer status. Charlson scores (inpatient, outpatient, and auxiliary [skilled nursing/carrier/home health]), which are comorbidity indexes, were generated using the claims database.
Comparison group. Potential controls were assigned random index dates in the time period in which the incident neuropathy sample was identified, and the same restrictions regarding Medicare enrollment and HRS survey participation were applied. Potential pairs were matched one-to-one on diabetes status and HRS survey year. Then, a propensity score method was used to generate controls based on the demographic and health measures derived from the HRS survey and Medicare claims as detailed above. This technique matches neuropathy cases and controls on key potential confounding variables (see table 1 for specific variables included). The propensity model also included all 2-way interactions of diabetes status with each of the variables in the model. Propensity score matching was completed using a greedy match with a 0.01 caliper, one control per neuropathy case, and selection without replacement.
Patient-oriented outcomes. Patient-oriented outcomes were derived from responses to HRS interview questions (see table 2 for specific wording). A priori, we chose to focus our longitudinal Continued analysis on falls, self-rated health, and pain to limit the number of comparisons. Other HRS questions were only analyzed at the first HRS interview after the neuropathy diagnosis. Nondichotomous variables were transformed into dichotomous variables by combining adjacent categories based on clinical judgment. For example, for the self-rated health question "Would you say your health is excellent, very good, good, fair, or poor?" we combined those who responded excellent, very good, and good compared with those who responded fair or poor. Four questions pertaining to sleep and 3 questions pertaining to exercise were analyzed. Trouble with activities of daily living (ADL) was defined as some difficulty in 1 of 6 domains (bathing, dressing, eating, bedding, walking, and toileting). Trouble with instrumental ADL (IADL) was defined as some difficulty in 1 of 3 domains (telephone, money, medications). Trouble with mobility was defined as difficulty with 2 or more of the 5 questions focused on walking and climbing stairs. Depression was defined as endorsing 4 or more of the 8 Center for Epidemiologic Studies Depression Scale questions, which is a validated screening instrument. 16 Statistical analysis. Matched comparisons between neuropathy cases and controls were conducted using McNemar tests for categorical variables and paired t tests for continuous variables. A generalized estimating equations (GEE) approach was used to analyze differences in falls, pain, and self-rated health (longitudinal binary outcomes) between neuropathy cases and controls. We performed overall as well as stratified analyses by diabetic status. Time since index date (entered as a continuous variable), group (i.e., neuropathy case vs control), and time by group interaction were entered as independent variables. The GEE approach allowed us to investigate the associations between neuropathy status and longitudinal outcomes, while accounting for the correlation among repeated measures in the outcomes. Ignoring the correlation can lead to biased estimates of the standard errors, thereby affecting the inference regarding associations between neuropathy status and outcomes. The interaction term of time by group was used to assess whether the patient-oriented outcome trajectories for neuropathy cases differed from controls over time. For each patient-oriented outcome, we determined the odds ratios (ORs) comparing neuropathy cases to controls at the index date, as well as ORs of change per year for neuropathy cases and for controls. All analyses were performed with SAS 9.3 (Cary, NC).
Standard protocol approvals, registrations, and patient consents. The University of Michigan institutional review board approved this study. All patients participating in the HRS provide oral or implied consent by participating in the interview.
RESULTS
A total of 1,039 subjects met our definition of incident peripheral neuropathy. Of this population, 52 died before the HRS interview wave immediately following diagnosis, 19 did not complete an HRS interview within the first 6 years following diagnosis, and 15 had no match within our designated caliper after 3 rounds. Our final cohort consisted of 953 neuropathy cases and 953 controls. Population demographic and clinical variables are presented in table 1. No statistically significant differences were noted between neuropathy cases and controls. Cases were followed for a mean (SD) 4.7 (2.6) years before and 5.0 (3.1) years after the index date. Controls were followed for 4.7 (2.6) years before and 5.5 (3.2) years after the index date. Table 2 displays the differences in patient-oriented outcomes between neuropathy cases and controls at the first HRS interview after diagnosis.
Evaluating the trajectories of the main patientoriented outcomes in the entire cohort revealed that neuropathy cases were more likely to fall (OR 5 1.41, 95% confidence interval [CI] 1.25-1.58) and to be troubled often by pain (OR 5 1.69, 95% CI 1.46-1.94) and less likely to rate their health as good or better (OR 5 0.60, 95% CI 0.52-0.70) at the index date (table 3) . These results were almost identical when looking at the subset of patients with diabetes or the subset without diabetes. However, in the entire cohort, only falls revealed a statistically significant time by group effect (p 5 0.002) (table 3, figure 1). Neuropathy cases had a 1.11 (95% CI 1.09-1.12) times greater odds of falling each year compared to 1.07 (95% CI 1.05-1.09) times greater odds for controls. The proportion of fallers at the fourth HRS interview before the index date (6.9 years before the index date) was 23% of cases and 29% of controls (figure 1). By the fourth HRS interview after the index date (7.1 years after the index date), the proportion had changed to 56% of cases (33% increase) and 41% of controls (12% increase). While the proportion of cases often troubled by pain increased from 37% to 47% and the proportion of controls remained relatively stable (29%-30%), the time by group interaction effect did not reach statistical significance (p 5 0.08). Self-rated health declined slowly in both neuropathy cases and controls over time with no significant difference between the groups. When evaluating for the earliest changes between neuropathy cases and controls, differences were detected in falls at an average of 3.0 years prior to diagnosis (case vs control; 32% vs 25%, p 5 0.008), 5.0 years prior to diagnosis for pain (36% vs 27%, p 5 0.002), and 5.0 years prior to diagnosis for self-rated health (61% vs 74%, p , 0.0001).
When comparing patients with diabetes and those without diabetes, the patient-oriented outcome trajectories were different ( figure 2) . Specifically, patients with diabetic neuropathy deteriorated more slowly on self-rated health compared to diabetic controls (p , 0.05), whereas no statistically significant difference was observed when comparing the selfrated health trajectory of patients with nondiabetic neuropathy to nondiabetic controls (p 5 0.1). In contrast, patients with diabetic and nondiabetic neuropathy fell more frequently over time than controls (p 5 0.02 and p 5 0.05, respectively). No statistically DISCUSSION Utilizing a nationally representative population, we aimed to evaluate longitudinal trajectories of self-rated health, pain, and falls in those with diabetic and nondiabetic peripheral neuropathy before and after diagnosis over a 14-year follow-up period. Compared to previous longitudinal studies, we were able to investigate our study population for a longer time period, track trajectories prior to a peripheral neuropathy diagnosis, evaluate multiple patient-oriented outcomes within the same study, and compare patients with and without diabetes. We found that older adults with neuropathy have more falls and pain and lower self-rated health compared to carefully matched controls without neuropathy. These differences were present 3-5 years prior to a neuropathy diagnosis and persist for several years after diagnosis. However, of these 3 patient-oriented outcomes, the only outcome that worsened more rapidly over time in patients with neuropathy was falls. Surprisingly, patients with diabetic neuropathy had a slower deterioration in self-rated health than diabetic controls. The observation that neuropathy patients have more falls and pain and lower self-rated health than those without neuropathy is in agreement with several past studies. [6] [7] [8] [9] [10] [11] [12] [13] 17 Our study builds on these prior findings and provides stronger epidemiologic support for neuropathy as a prime mediator of these outcomes given our ability to track outcome trajectories several years before and after a diagnosis of neuropathy. For all 3 of these patient-oriented outcomes, differences are seen 3-5 years prior to diagnosis. This finding may be partly explained by a delay in diagnosis in this highly prevalent condition, and also highlights the fact that neuropathy often develops slowly over time. Patients typically report neuropathic symptoms to their physician years after their insidious onset. In fact, in a community neurologist setting, patients with a new diagnosis of distal symmetric polyneuropathy had symptoms for a mean of 39 months at their first visit. 18 How long neuropathic symptoms occur prior to seeing a general practitioner is unknown. The implication for future neuropathy clinical trials is that interventions are more likely to be successful if implemented before patients are typically diagnosed with neuropathy. Earlier diagnosis will require studies to evaluate current barriers to a neuropathy diagnosis early in the disease course. Intervening after patients are typically diagnosed may be too late if significant nerve injury has already occurred.
We also demonstrated that falls were the only patient-oriented outcome that increased more rapidly in cases than controls. While pain and self-rated health were worse in neuropathy cases compared to controls, these outcomes did not worsen more rapidly over time in cases vs controls. The importance of this result to future clinical trials is that falls should be considered as a main outcome measure, especially in an elderly population. When patient-oriented outcomes are assessed at all, most previous trials have focused on pain and/or quality of life. Falls are often ignored as an important patient-oriented outcome, but the quick separation between neuropathy cases and controls over time indicates that falls may be a sensitive and objective neuropathy outcome measure. The magnitude of falls in the neuropathy population, rising from 23% to 56% over the course of this study, also emphasizes the need for clinicians to address falls with their patients. In agreement with this assessment, the American Academy of Neurology recently released quality measures for patients with distal symmetric polyneuropathy with 1 of the 6 measures pertaining to falls. 19 Falls should not only be an important outcome measure of future clinical trials, but also a focus of the clinical care of patients with neuropathy. Interestingly, self-rated health declined at the same rate in those with neuropathy compared to controls. However, patients with diabetic neuropathy deteriorated more slowly than diabetic controls. One potential explanation for this finding is a possible floor effect. Only 46% of patients with diabetic neuropathy rated their health as good or better 61 years prior to their neuropathy diagnosis. By comparison, 76% of patients with nondiabetic neuropathy had positive self-rated health. In support of this explanation, previous studies have demonstrated a floor effect when utilizing quality of life measures in stroke patients. 20, 21 Further evidence to support a floor effect is that when we analyzed self-rated health as the proportion that declined by one or more levels compared to their last HRS interview, no difference was observed over time between patients with diabetic neuropathy and diabetic controls. Regardless of the reason, the lack of significant change in self-rated health in patients with diabetic neuropathy either before or after diagnosis makes this a less than ideal patient-oriented outcome for clinical trials.
We found that patients with neuropathy are more likely to have difficulties with sleep and depression, but engagement in exercise is not significantly affected. Previous studies have shown that patients with painful diabetic neuropathy have a higher prevalence of impaired sleep and that the greater the severity of pain, the worse the sleep outcome scores. [22] [23] [24] In agreement with these studies, our results demonstrate that patients with neuropathy are less likely to be well-rested than controls and that the reason for sleep disturbance is likely secondary to problems with falling asleep rather than maintaining sleep. Given that the 2 most likely contributors to sleep disturbance in this population are pain and restless legs syndrome, trouble with sleep initiation would be expected. Similarly, other groups have reported that neuropathy severity is associated with depression severity in both cross sectional and longitudinal studies. 25, 26 We also demonstrate that neuropathy cases are more likely to have depression compared to a propensity-matched control group with a large magnitude of effect (23% vs 15%). On the other hand, there were no differences in varying levels of exercise performed comparing neuropathy cases to controls. Our finding is similar to a previous study using the National Health and Nutrition Examination Survey (NHANES) population, which failed to reveal an association between peripheral neuropathy and reduced moderate to vigorous physical activity as measured by an accelerometer. 27 Not only is neuropathy associated with sleep disturbance and depression, but we also found that neuropathy cases were more likely to have difficulties with ADLs, IADLs, and mobility than controls. One previous study revealed an independent association between diabetic neuropathy and the development of mobility limitations, but not new ADL disability. 28 A separate group reported an association between women with diabetes and both mobility and ADL limitations that was in part mediated by neuropathy. 29 Our results confirm that neuropathy is associated with mobility limitations and provides further support for an association with ADL disability. Furthermore, we report an association with IADL disability, which has not been previously investigated.
Limitations of our study include utilizing ICD-9 codes to identify incident neuropathy cases, which may lead to misclassification bias. Furthermore, patient-oriented outcomes were based on HRS questions and not formally validated questionnaires. While our propensity score-matched controls were well-matched on key demographic and clinical variables, unmeasured residual confounding remains possible. The matching technique made evaluation of obesity-related complications difficult as body mass index and other comorbidities were included in our method. Our propensity score method was maximized to increased length of follow-up; however, this method did not allow us to determine differences in mortality between cases and controls. Although neuropathy status is significantly associated with more falls over time, other important risk factors must be present, as demonstrated by the large proportion of fallers in the control group. Our data are unable to determine how often falls led to the discovery of neuropathy. While falls occurred more rapidly over time in neuropathy cases compared to controls, our study did not have adequate power to determine if fall-related injuries also increased over time. We were unable to determine whether subjects required ambulatory assistance. The generalizability of these results to populations younger than 65 years is unclear.
In older people, peripheral neuropathy significantly impacts patient-oriented outcomes such as falls, pain, and self-rated health. These changes can be observed several years prior to a neuropathy diagnosis and continue for several years after. Falls, an outcome measure that has typically not been used in past clinical trials, was the only patient-oriented outcome that worsened faster over time in neuropathy cases compared to controls. Future studies are needed to explore barriers to earlier diagnosis of neuropathy, and falls should be considered as a main patient-oriented outcome in future intervention trials.
